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Any enlargement of the thyroid gland is a goiter. Those en- 
largements associated with an increase of thyroid function beyond 
the needs of the body are toxic. By common consent, those asso- 
ciated with inflammatory disease or with tumors are excluded, 
but from a practical point of view this differentiation is often 
difficult. Therefore, although the present discussion will be 
concerned chiefly with nontoxic enlargements of the thyroid due 
to causes other than tumor or inflammation, some consideration 
of the differential diagnosis of these conditions will of necessity 
be included. 


MECHANISM OF GOITER PRODUCTION 


Nontoxic goiters can best be understood if they are considered 
a result of prolonged hyperplasia of the thyroid in response to 
relative inadequacy of thyroid function. The causes of this inade- 
quacy and the mechanism by which it results in goiter must be 
recognized if diagnosis is to be complete and therapy rational. 
Hyperplasia of the thyroid can probably occur only as a result 
of an increase in the secretion of the pituitary hormone, thyroid 
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stimulating hormone (TSH). The release of this hormone causes 
an increase in the weight of the thyroid, an increase in the height 
of the thyroid cells and an increase in the rate of hormone syn- 
thesis and secretion. Its function, therefore, is to stimulate the 
thyroid to greater activity, both by increasing the mass of func- 
tioning thyroid and by increasing the activity of the existing 
gland, The release of TSH from the pituitary is controlled by 
centers in the hypothalamus which appear to correlate the needs 
of the body with the level of thyroid activity. If there is a 
greater need for thyroid hormone, increased secretion of TSH 
produces a heightened activity of the gland. If this increase in 
activity is adequate and the demand is met, the rate of TSH 
secretion remains at too low a level to cause thyroid hypertrophy. 
If, however, the existing gland is unable to meet the needs of the 
body, augmented secretion of TSH results in a level of stimula- 
tion which causes an increase of the thyroid size. Increased TSH 
secretion can therefore occur as a result of a failure of the thyroid 
to meet the demands of the body under normal conditions. Ob- 
viously, a thyroid which was incapable of secreting enough hor- 
mone to satisfy basal needs would be subjected to even more 
violent stimulation when an increase in the need for hormone 
occurred as a result of some exogenous factor. The causes of goiter 
must therefore be considered under two heads: those which 
cause inadequacy of thyroid function and those which compound 
the deficiency by increasing the demand for hormone. 


SYNTHESIS OF THYROID HORMONE 


Inadequate thyroid function may arise from a breakdown of 
the mechanism of synthesis or utilization at any step along the 
path of metabolism of the hormone. These steps must be kept in 
mind in order to understand the nature of the defects. 

The metabolism of the thyroid is closely related to the metab- 
olism of iodine. This essential element enters the body chiefly 
through the diet in the form of inorganic salts—iodides or, less 
commonly, iodates. The iodides are rapidly absorbed from the 
gut and enter the extracellular fluid. Part of the iodide is excreted 
in the urine; most of the remainder is “trapped” by the iodide- 
concentrating mechanism of the thyroid gland (Fig. 1, A). The 
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iodide thus trapped is rapidly oxidized to iodine (Fig. 1, B) in 
which form it reacts with tyrosine to form either di-iodotyrosine 
or mono-iodotyrosine (Fig. 1, C). These in turn combine to form 
either tri-iodothyronine or thyroxine (Fig. 1, D). These, together 
with small amounts of mono- and di-iodotyrosine, become 
attached to a globulin which is secreted into the center of the 
follicle, where it appears to the histologist as “colloid” or to the 
biochemist as “thyroglobulin” (Fig. 1, £). The colloid thus col- 
lected is hydrolyzed, when need occurs, by the action of proteo- 
lytic enzymes in the thyroid cell and the resulting amino acid 
fragments diffuse into the blood (Fig. 1, F). Ordinarily, any 
mono- or di-iodotyrosine thus released is promptly deiodinated 
by the thyroid cells and the fragments used for further synthesis 
of the operative hormones, thyroxine and _tri-iodothyronine 
(Fig. 1, K). 

These substances, immediately on entering the blood are bound 
to an alpha globulin known as “thyroxine-binding protein.” In 
this form they circulate in the blood as serum precipitable, pro- 
tein-bound, or butanol-extractable iodine (Fig. 1, G). The hor- 
mones leave the blood to enter the cells of the peripheral tissues 
where thyroxine is deiodinated, at least in part, to tri-iodothyro- 
nine (Fig. 1, H). The further metabolism of hormones is not as 
yet certain, but presumably additional chemical changes occur 
before they exert their specific metabolic effects and are com- 
pletely deiodinated and destroyed (Fig. 1, J). 


IODINE DEFICIENCY GOITERS 


Of the two major components which go into the synthesis of 
the thyroid hormone—iodine and tyrosine—only iodine is likely 
to be available in limited supply. Tyrosine is synthesized in the 
body and therefore is always present in sufficient quantity. Iodine, 
however, must be supplied in the diet. If the quantity of iodine 
available is inadequate, enough thyroid hormone cannot be 
formed to meet the demands of the body, and as a result an in- 
creased secretion of TSH occurs, with consequent hyperplasia of 
the gland. The larger size of the gland increases the volume of 
tissue capable of capturing iodine and therefore augments the 
efficiency with which the inadequate iodine supply is utilized. 
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TSH, moreover, increases the effectiveness of the iodine “trap” 
(Fig. 1, A). As a result, the iodine-deficient goiter is extremely 
avid for iodine and can capture as much as 95% of the available 
iodine (35, 36). By comparison, thyroids exposed to adequate 
supplies of iodine usually trap only 30 to 50% of the iodine pre- 
sented to them. 

The supply of iodine in the food is adequate in localities where 
appreciable amounts of seafood are eaten or where agricultural 
products are grown in soils containing iodine. Dwellers in seacoast 
areas, or in areas which in recent geologic times were submarine, 
are therefore unlikely to develop this type of deficiency. In con- 
trast, the inhabitants of elevated areas far from seacoasts are more 
likely to be deficient. This tendency is aggravated if prolonged 
leaching of soluble salts from the soil has occurred (2). Localities 
which have been washed for long periods by waters from glaciers 
are particularly likely, therefore, to have lost whatever iodine 
originally was present. The regions of iodine deficiency are chiefly 
mountainous and often subglacial. The Swiss Alps, the Peruvian 
Andes and the Central Indian Himalayan areas are examples. 
In the United States, iodine deficiency is found in the Great 
Lakes region, the Pacific northwest and, to a lesser degree, the 
Appalachian range as far south as Tennessee (21). The presence 
of a high calcium level in the diet appears to aggravate the 
tendency to goiter formation in iodine-deficient regions. 

Iodine deficiency was recognized as a cause of goiter at least 
50 years ago in Switzerland and steps were taken to supply the 
missing iodine in a number of ways. The most successful has been 
the iodination of salt, either with potassium or sodium iodide, or, 
recently, with sodium iodate. In certain areas iodination of salt 
is required by law. As a result of active campaigns to maintain 
a protective level of iodine intake, goiter prevalence has been 
reduced in many localities to a small fraction of its original level 
(6, 18). In two neighboring cantons of Switzerland, for example,- 
the incidence of iodine deficiency goiter in school children was 
55 and 47% in 1912. After an active iodination program for 40 
years, the incidence of goiter had dropped to 1% in one canton. 
In the other, where prophylaxis was pushed less actively, the 
incidence of goiter was 17% (42). Although there are areas in 
the United States where iodine deficiency occurs, the prevalence 
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of low-iodine goiters has never been so great a problem as in 
certain European, South American and Asian areas. In part this 
undoubtedly is a result of the fact that the American diet has 
been more varied and foods have been transported over so great 
a distance that most persons have had access to iodine-containing 
foods in addition to the indigenous low-iodine rations. Active 
campaigns to iodinate salt have also had a protective effect. 

Because iodine deficiency affects whole districts and countries, 
its control is properly a responsibility of public health officials. 
The widespread distribution of iodine deficiency within a given 
community causes goiter so commonly in the population that it 
is often spoken of an “endemic” goiter. This does not, of course, 
imply that all “endemic” goiters are a result of iodine deficiency. 
On the other hand, since it is difficult to produce iodine defi- 
ciency in an area where adequate amounts of iodine are present 
in the water and locally grown vegetables, “sporadic” iodine- 
deficiency goiters are not likely to occur. 


FAILURE OF THE “IODIDE TRAP” 


Accumulation of iodide by the thyroid is usually an essential 
preliminary to synthesis of the hormone (Fig. 1, A). If the gland 
is unable to “trap” iodide, either because of a congenital failure 
of this mechanism or because some foreign substance has blocked 
the “trap,” the gland cannot make enough hormone. The effects 
of this blockade can be overcome if the concentration of iodide 
in the extracellular fluid is raised so high that enough iodide can 
diffuse into the gland without the intervention of the “trap” to 
supply the demands of the synthetic mechanisms. Unless this 
unusually high concentration of iodide is achieved, inadequate 
hormone production will set in motion the influences which result 
in hypertrophy of the gland. Congenital failure of the iodide- 
concentrating mechanism is usually inherited, so sporadic familial 
goiters, often associated with clinical evidence of thyroid insuf- 
ficiency, may result (33). The iodide trap may also be poisoned 
by specific inhibitors such as thiocyanate or perchlorate ions 
(3, 17, 34, 41), usually as a result either of a physician’s prescrip- 
tion or industrial exposure. 

The integrity of the iodide-concentrating mechanism depends 
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on the availability of high-energy phosphate bonds resulting from 
oxidation of energy-producing substances such as glucose or fats, 
Any factor which reduces the activity of these energy-producing 
and energy-transferring mechanisms could also block the “trap” 
(12). 


FAILURE TO FORM ORGANIC IODINE COMPOUNDS 


After iodide has been accumulated in the thyroid gland, it 
must be incorporated into mono- and di-iodotyrosine (Fig. |, 
B and C). Failure of this incorporation results in inability to 
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Fic. 1.—Schematic representation of the metabolism of the thyroid 
hormone. 


synthesize the hormone. The defect may be pharmacologic or 
inherited. Among the pharmacologic agents which can block this 
phase of synthesis are the thioureas, including thiouracil and its 
derivatives, and the thioimadizoles such as methimazole. These 
substances are ordinarily used only for the suppression of hyper- 
active thyroid glands and therefore are unlikely to produce 
goiter. Thiourea itself, however, is used industrially and might 
produce goiter in workers handling it. Similar effects are pro- 
duced by certain foods. Rutabaga, for example, contains a potent 
goitrogen, vinyl-thio-oxazolidone (10). The cabbage family has 
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similar properties (10, 14). These substances are destroyed by 
cooking and it seems unlikely that they produce goiter except 
perhaps among persons addicted to the massive ingestion of cole- 
slaw. One case has, however, been reported in whom the habitual 
intake of large amounts of cooked cabbage, turnips and rutabaga 
was associated with a goiter which disappeared when the diet was 
modified (11). This type of poisoning seems uncommon. A more 
important and more widespread type of endemic goiter has been 
reported from New Zealand (7), where milk from cows fed 
certain weeds of the Brassica family was found to contain a potent 
goitrogen which could also be isolated from the weeds. The entry 
of goitrogens into the diet indirectly via milk deserves more wide- 
spread study. The administration of a high calcium intake par- 
tially blocks synthesis of organic iodine compounds. This effect 
may not be important in producing clinical goiter by itself, but 
it may aggravate the goitrogenic effects of iodine deficiency. In 
experimental animals, a deficiency of vitamin A can also cause 
goiter, but the clinical significance of this effect is doubtful. 

Congenital inability to form organic iodine-containing com- 
pounds may be hereditary. Families of such “goitrous cretins” 
have been described in several countries. The clinical differen- 
tiation of this defect from failure of the “iodide trap” is discussed 
later. 

A number of patients have developed goiter, often associated 
with myxedema, after the prolonged ingestion of large amounts 
of iodine, usually prescribed for treatment of asthma or chronic 
bronchitis. The dose of potassium iodide in this group ranged 
from 200 to 1,500 mg. daily, as compared with a dose for sup- 
pression of hyperthyroidism of about 0.2 mg. daily (40). The 
mechanism of action of large doses of iodide is not known, but 
most evidence indicates that a failure to form effective hormonal 
compounds is at fault. In these patients the PBI may be high, al- 
though the BEI is low. The significance of this discrepancy is 
discussed later. 


FORMATION OF ABNORMAL ORGANIC IODINE COMPOUNDS 


Among the various iodinated compounds which have been 
studied, only thyroxine or tri-iodothyronine and their acetic acid 
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homologues have appreciable hormonal activity. Consequently, 
if the chain of synthesis stops with mono- and di-iodotyrosine 
(Fig. 1, D) or if the iodine is incorporated into other molecules, 
thyroid insufficiency results even though the iodine which the 
gland has gathered is in organic form. A considerable number of 
patients with sporadic goiter have been described in whom this 
form of failure of synthesis occurred (16, 19, 43). In some cases, 
the defect consists of inability to couple the iodinated tyrosines to 
form effective hormones (37) ; in other instances, the nature of 
the abnormal iodinated organic compound is not yet known. 
Like the previously mentioned congenital defects, this abnor- 
mality is often familial. In some instances, the defect is so severe 
that the patient is clearly hypothyroid; in others, the patient is 
euthyroid, but only at the expense of compensatory thyroid 
hypertrophy. 


FAILURE TO TRAP OR DEIODINATE IODINATED TYROSINES 


Under ordinary conditions, any mono- or di-iodotyrosine 
released from thyroglobulin by action of proteolytic enzymes of 
the thyroid cell is trapped and either deiodinated or reutilized for 
synthesis of thyroxine and tri-iodothyronine (Fig. 1, K). In some 
persons, failure to conserve the tyrosine derivatives, however, 
permits appreciable amounts of these ineffective iodinated mate- 
rials to enter the plasma. Since they are cleared from the blood 
rapidly by the kidney, an important wastage of iodine may occur, 
and a sort of secondary iodine deficiency goiter may result (37). 


FAILURE TO SECRETE HORMONE 


One might postulate that in certain persons normally formed 
hormone might be trapped in the colloid because the proteolytic 
system responsible for release of the hormone from thyroglobulin 
was defective (Fig. 1, F). This defect has never been demon- 
strated. 


FAILURE OF PERIPHERAL CELLS TO UTILIZE HORMONE 


If the cells were unable to metabolize the thyroid hormone to 
its effective form, hypometabolism would occur (Fig. 1, H). This 
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might stimulate the release of excess TSH with resulting goiter 
formation. Although it has been suggested that certain patients 
with normal thyroid function and low basal metabolic rates may 
suffer from inability to deiodinate thyroxine, and although in 
experimental animals substances which block deiodination of 
thyroxine can cause hypometabolism, goiter is not a feature of 
these syndromes. 


UNRECOGNIZED FACTORS 


It is difficult to estimate what portion of all sporadic goiters 
can be explained on the basis of the mechanisms described. Most 
goiters, unfortunately, are not studied intensively enough to per- 
mit classification of the nature of the causative lesion. It seems 
likely that further study will reveal previously unsuspected de- 
fects, as well as previously unrecognized goitrogenic substances 


(10). 


PRECIPITATING FACTORS 


The defects previously described do not usually cause complete 
blockade of thyroid function. Many patients get along fairly well 
until some change in environment or physiologic status increases 
the need for thyroid hormone. At this point, the defective gland 
is unable to respond without increasing in size. After the demand 
for increased secretion abates, the gland may become somewhat 
smaller, but as new demands occur frequent hyperplasia followed 
by partial atrophy ultimately results in the development of an 
abnormally enlarged gland which cannot spontaneously return to 
normal size. This process is different only in degree from the 
normal course of events. The upper limit of weight for “normal” 
thyroid glands gradually increases with advancing age to about 
50 Gm. (26). At the same time, the incidence of nodules in- 
creases (30). These nodules represent local areas in which involu- 
tion has been less complete than normal when the period of 
increased need for thyroid hormone has passed (26). In the 
goitrous gland the sequence is the same; only the volume of in- 
crease is greater. 

One would suppose that the development of nontoxic goiter 
would be more common in those periods of life when the de- 
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mands for thyroid hormone are increased. This proves to be the 
case. Goiters are particularly likely to appear in adolescence and 
during pregnancy. Other factors producing short-lived but sig- 
nificant increases in thyroid activity include trauma (either infec- 
tious or surgical) (13), exposure to cold (5) and perhaps psy. 
chiatric upsets and prolonged arduous physical activity. Since 
the stimuli to increased thyroid function are more potent and 
more common in women than in men, it is not surprising that 
goiter is far more common in females than males. 


Certain nonthyroidal endocrine influences may alter the func- 
tion of the thyroid gland. In patients with adrenal cortical in- 
sufficiency, enlargement of the thyroid may occur, associated 
with lymphocytic infiltration of the stroma and mild hypothy- 
roidism. The combination of hypoadrenalism and hypothyroidism 
with goiter has been called “Schmidt’s syndrome” (4). Presum- 
ably the primary factor here is adrenal insufficiency, since we 
have seen several patients who developed goiter and hypothyroid- 
ism several years after the diagnosis of Addison’s disease was 
made. The prolonged administration of epinephrine to dogs may 
produce thyroid enlargement; and a case of acute thyroid en- 
largement has been reported in a normal medical student given 
intravenous norepinephrine (22). The physiologic enlargement 
of the thyroid occurring at adolescence and during pregnancy has 
already been mentioned. The mechanism of this enlargement is 
not clear. 


PATHOLOGIC ANATOMY (24, 38, 39) 


The normal thyroid follicle consists of a spheroidal clump of 
cells surrounding a central pool of thyroglobulin. On cut section 
the follicular cells are normally cuboidal and are set in a single 
layer on a thin basement membrane. The appearance of both 
the cells and the follicles varies according to the activity of the 
gland. In an inactive gland the cells become flattened and the 
follicle becomes larger, with an increased volume of colloid. In 
hyperactive glands, the cells become columnar, the epithelium 
becomes redundant and in some cases it appears more than one 
cell thick. The volume of thyroglobulin decreases. 

The microscopic anatomy of a goiter depends on the nature 
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of the goitrogenic process. If iodine deficiency is the cause of 
the goiter, the gland appears inactive, and a large mass of colloid 
is present. This type of goiter has therefore sometimes been called 
a “colloid” goiter. In contrast, the goiters resulting from blockage 
of hormone synthesis, such as the thiocyanate and thiourea goi- 
ters, appear hyperactive. The epithelium is heaped up and colum- 
nar and little colloid is present. 

The pathologist is not usually confronted with a newly devel- 
oped fresh goiter. The specimen submitted to him for examination 
is likely to have been taken from a goiter of many years’ standing. 
In such glands, the simple relationships outlined previously may 
be obscured. The response of the thyroid to repeated demands 
for increased activity is not symmetrical and localized areas may 
have undergone continuing hypertrophy and hyperplasia while 
others have atrophied and become scarred. In some locations, 
benign or even malignant neoplasms may have developed. Some 
of the relatively inactive areas may have developed large colloid- 
filled cysts. Bleeding may occur into these cysts and reabsorption 
of the blood may be associated with calcification in the walls of 
the cyst. The interstitial tissues may be infiltrated with lympho- 
cytes, perhaps a residue of the inflammatory reaction called forth 
by previous episodes of bleeding, hypertrophy and scarring. 


DIFFERENTIAL DIAGNOSIS 


Diagnostic studies of patients with goiter may be divided into 
several steps. It is necessary, first of all, to demonstrate that the 
thyroid is indeed enlarged. Secondly, the physician must ascer- 
tain whether the enlarged thyroid is associated with increased 
thyroid activity, with tumor or with inflammatory disease. Finally, 
when other causes of thyromegaly have been excluded and a 
diagnosis of nontoxic goiter has been established, the physician 
should attempt to decide the nature of the functional deficiency 
which has led to development of the goiter, both in order to treat 
the thyroid enlargement intelligently and to prevent the devel- 
opment of similar goiters in other susceptible persons. 

The diagnosis of thyroid enlargement is usually made on the 
basis of palpation in the base of the neck of a mass which rises 
during swallowing. In many instances, it is difficult to determine 
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whether a palpable thyroid gland actually exceeds the limits of 
normal. In most well-nourished normal persons the lateral lobes 
of the thyroid gland are not palpable. In thin or wasted patients, 
however, the gland may become palpable even though not en- 
larged. Palpation of the isthmus is possible in many normal 
persons. Therefore, if the lateral lobes are palpable in a normally 
nourished person, thyroid enlargement is probably present. The 
problem becomes a little more complex when enlargement is 
asymmetrical, since in this situation a lymph node, carotid 
aneurysm or loop, or even parathyroid tumor cannot be differ- 
entiated easily. 

In some instances, the thyroid enlargement is confined to the 
upper chest and the goiter presents as an upper mediastinal mass 
without a palpable goiter in the neck. In this case, the problem 
is to prove the nature of the mass which often is so fixed that it 
cannot move on swallowing. Its bulk may have so distorted the 
mediastinal relationships as to raise a question of malignancy; 
and if pressure on an upper lobe bronchus has caused atelectasis, 
differentiation from a pulmonary tumor may be most difficult. 

In many instances when a mediastinal mass has been found 
which might be of thyroidal origin, the administration of a tracer 
dose of radioactive iodine may resolve the problem by demon- 
strating that the mass is capable of fixing iodine. On the other 
hand, as has already been mentioned, some goiters may arise be- 
cause of inability to trap iodine; in these cases studies with I'*! 
would be misleading. 

Although the demonstration of thyromegaly may sometimes be 
difficult, usually the most pressing problem is to decide the 
nature of the thyroid enlargement. A careful history may be of 
great help here, Goiter associated with hyperthyroidism is usually 
associated with the characteristic symptoms of that disease—irri- 
tability, heat intolerance, increased appetite, weight loss and 
weakness. The physical examination reveals tachycardia, wide 
pulse pressure, warm fine skin, fine tremor and often the typical 
“thyroid eye signs.” The goiter may be smooth or nodular and 
a bruit may be heard over it. With a history and physical picture 
as typical as this, no trouble should be experienced in making 
a diagnosis of hyperthyroidism. In many instances, however, the 
picture is far less typical. As specific methods of studying function 
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have become popular, hyperthyroidism has been diagnosed in 
many patients where it would otherwise have been unrecognized. 
The serum protein-bound (PBI) (also called serum precipitable 
iodine) or, preferably, the butanol-extractable iodine (BEI) is 
the most reliable test of thyroid function. If the serum PBI or 
BEI is elevated, the goiter is probably associated with hyper- 
thyroidism. Unfortunately, even these tests are not absolutely 
foolproof, however, since in some cases, as previously mentioned, 
a nontoxic goiter may secrete excessive quantities of organic 


TABLE 1.—Comparison or Protein-Bounp Ioping AND 
BuTANOL-EXTRACTABLE IopINE IN PATIENTS WITH 
Nontoxic Goirer 


Patient PBI BEI Dirrerence 

Goitrous cretin A 4.9 1.9 3.0 

3.9 1.8 2.1 

4.0 2.4 1.6 

3.0 1.4 1.6 

» 5.9 2.7 3.2 

9.8 3.8 6.0 
Hypothyroid with lymphocytic 
Hypothyroid with lymphocytic 

infiltration—B 78 5.6 2.2 


These data were kindly provided by Dr. Evelyn B. Man. 


iodine which, because of a defect in the synthetic mechanism, is 
not potent as a thyroid hormone (16, 19, 43). This organic iodine 
is measured as protein-bound iodine; fortunately, in the cases 
thus far studied, it has not been measured as butanol-extractable 
iodine (Table 1) (16). The BEI test is, therefore, clearly superior 
to the PBI test if the question of toxicity must be settled in a 
patient whose goiter might be secreting abnormal organic iodine 
compounds. 

Radioactive iodine studies may be of help in determining the 
activity of the gland, but they are distinctly less useful than the 
serum iodine tests, because the nontoxic goiter may have arisen 
as a result of an abnormality in thyroid function which distorts 
the metabolism of I**1, Stanbury (35, 36), for example, found 
that the radioiodine uptake of iodine-deficiency goiters was 
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greatly elevated, although the patients did not have hyperthyroid- 
ism. Their glands were simply attuned to trap with great eff- 
ciency any trace of iodine available. In other cases, the ability 
of the gland to trap iodine may be greatly augmented because 
failure to utilize the trapped iodine for the formation of hormone 
has permitted unopposed stimulation of TSH secretion. There- 
fore, the finding of a low or normal iodine uptake over a goiter 
is useful in eliminating the diagnosis of hyperthyroidism, but 
the finding of an elevated uptake of iodine does not necessarily 
justify the diagnosis of hyperactivity of the gland. This problem 
will be discussed further. 

The differentiation of nontoxic from toxic goiter is of practical 
importance, since the treatment for the two conditions is differ- 
ent. Inflammatory disease of the thyroid does not present so 
pressing a problem, since delay in recognition of the nature of an 
inflammatory struma usually causes little harm to the patient. 
Despite this, since the prognosis and ideal treatment is different 
for inflammatory disease from that for nontoxic goiter, an accu- 
rate diagnosis is desirable. Acute nonsuppurative thyroiditis is not 
usually a problem. It is ushered in with low or moderate fever; 
the thyroid is tender and the skin over the gland may be slightly 
reddened. Early in the disease the PBI or BEI may be elevated, 
but the I'8 uptake is depressed. As the disease progresses, the 
PBI returns to normal spontaneously. The elevated blood hor- 
mone levels probably reflect damage to the thyroid and consequent 
leakage of thyroxine into the plasma. Sometimes the amount of 
such leakage may be sufficient to cause symptoms of hyperthy- 
roidism. The disease is self-limited, but rapid improvement often 
occurs after the administration of cortisone. No confusion is 
likely to arise with nontoxic goiter except in those cases where 
localized inflammation (a frequent finding at onset) might be 
confused with local pain and swelling resulting from hemorrhage 
into a follicle or cyst in a nontoxic goiter. 

“It may be impossible to differentiate chronic lymphocytic thy- 
roiditis (struma lymphomatosa, Hashimoto’s struma) from non- 
toxic goiter clinically; indeed, it has been suggested that the 
pathogenesis of this struma may be similar to that of nontoxic 
goiter. Many patients with struma lymphomatosa are hypothyroid. 
It has been reported that struma lymphomatosa may be asso- 
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ciated with the production of a physiologically ineffective organic 
iodine compound (16) and that the enlargement may shrink 
under treatment with thyroid hormone, suggesting that it may 
be a result of chronic thyroid hypofunction. The rare fibrosing 
thyroiditis (Riedel’s struma, struma fibrosa) is not likely to be 
confused with ordinary goiter—its diffusely fibrotic involvement 
of the entire base of the neck is much more likely to be confused 
with carcinoma than with simple goiter. Very rarely, amyloid 
disease may cause thyroid enlargement. 

The chief problem in the diagnosis of nontoxic goiter, there- 
fore, is not in differentiating it from toxic goiter or from inflam- 
matory disease, but in separating benign enlargement of the 
thyroid from neoplastic enlargement, especially that associated 
with carcinoma of the thyroid. 

The diagnosis of cancer in the thyroid gland cannot be made 
with assurance unless adequate histologic study of tissue removed 
from the gland is undertaken. In essence, therefore, the diagnosis 
of carcinoma of the thyroid must be made after some sort of 
operative procedure—thyroidectomy, excisional biopsy or even 
needle biopsy. Since the last carries a serious risk of disseminating 
the cancer along the needle track, its use is uniformly condemned 
when cancer is considered a possibility. The problem confronting 
the physician therefore is to determine which enlargements of the 
thyroid gland should be explored surgically. This straightforward 
problem has probably given rise to more controversy than any 
other in the twilight zone between medicine and surgery. 

Unquestionably, a part of this confusion arises from the diffi- 
culty pathologists have experienced in diagnosing carcinoma of 
the thyroid in physiologically meaningful terms. The thyroid is 
a highly vascular structure subject to rapid variations in cell mass 
and morphology. Under some circumstances, normal thyroid 
cells may appear to be invading blood vessels or even the adjacent 
muscles. Thyroid rests may be found in a variety of extrathyroidal 
sites from the base of the tongue to the pericardium. Therefore, 
the common criteria of malignancy such as “invasion” of blood 
vessels or adjacent tissues, or the finding of thyroid tissue at 
points distant from the gland are not in themselves adequate 
criteria for the diagnosis of carcinoma. The cytologic criteria 
for the diagnosis of malignancy are often clearcut, but sometimes 
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these too may be confusing. Whatever the reason, in a number 
of autopsy series “carcinoma” of the thyroid has been found 
in 0.1 to 0.2% of subjects who died of some other disease (31) 
(Table 2). Since carcinoma of the thyroid is a rare cause of 
death (1, 31), it is clear that some of these “carcinomas” are 
not meaningful as a cause of death or disability. The problem is 
similar to that of the prostate, where “carcinoma in situ” is com. 
mon in the aged. 

The finding of “carcinoma in situ” of the thyroid at autopsy of 
patients dying of other diseases is not important in itself, but it 


TABLE 2.—Tuyrom Cancer at AuTopsy 


Berlin 13 2,210 13 0.1 0.6 
Boston City Hospital 18.7 3,180 5 0.02 0.1 
Mass. General Hospital 11 1,870 10 0.09 0.5 
Mass. Memorial Hospital L7 389 0 0.0 0.0 
New Haven Hospital 9.7 1,650 12 0.12 0.7 
Cook County Hospital 1 170 2 0.2 1.2 
Miscellaneous 41.2 7,000 39 0.09 0.5 
96.3 | 16,370 | 81 | 0.08 | 05 


*Estimated as 17% of autopsies. 
The data in this table are modified from Sokal (31). 


suggests that perhaps some of the carcinomas diagnosed in goiters 
removed for prevention of cancer might have remained unimpor- 
tant and quiescent if they had been left alone. 

With these reservations, we may start from the only really 
important criterion of disease—its ability to produce death or 
disability. Carcinoma of the thyroid is an uncommon cause of 
death. In a series of autopsies gathered from the literature by 
Sokal (31), cancer was found in only 0.084% of 102,300 exam- 
inations (Table 2). In some cases, of course, it was not the 
cause of death but simply an incidental finding. It is, moreover, 
an uncommon type of cancer. In a series of 99,000 clinically 
diagnosed cancers, only 0.57% were tumors of the thyroid. The 
incidence ranged from 0.42% in Connecticut to 0.8% in the U. S. 
Army (Table 3). These figures can be converted to an estimate 
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of the frequence of thyroid cancer if it is recognized that approx- 
imately 14% of all deaths in the United States are a result of 
cancers of all types. The incidence of thyroid cancer in the popu- 
lation can thus be estimated as approximately 0.08%. 

Thyroid cancer is not important as a cause of death, but per- 
haps it might be an important cause of morbidity. The preva- 
lence of this type of cancer in the population is low however. 
Alexander (1), for example, found only 26 new thyroid cancers 
per year in San Francisco, a city of about 800,000 population. 
This incidence of new cancers (0.0033%) may be multiplied by 
the average survival of patients with cancer of the thyroid to 


TABLE 3.—INcwENcE or CLINICAL CANCER 


Totat Cancers} THyRoip 
Prace Dates 1000) NCERS % 

London 1938-39 14 99 0.71 
Army of the United States 1944 3 24 0.80 
Nashville 1925-48 + 30 0.75 
Connecticut 1935-46 38 159 0.42 
10 United States Cities 1937-39 40 257 0.64 

99 567 0.57 

After Sokal (31). 


estimate the percentage of the population suffering from the 
disease at any time. The mean survival time after diagnosis of 
cancer of the thyroid is probably less than 5 years, but even if 
the average survival of these patients were 20 years, the total 
patients with the disease would be only 0.06% of the population. 
Palpable enlargement of the thyroid gland is present in at least 
2% of the population; indeed many studies have shown as many 
as 5 to 12% of the adults of the United States have goiters (28). 
From these figures, the incidence of cancer in goiters can be cal- 
culated as not more than 3%, but more likely less than 1%. 
Similar conclusions have been reached by Mustacchi and Cutler 
(27), who studied the incidence of thyroid cancer in 10 represen- 
tative cities over the United States, having an aggregate popula- 
tion of over 14,000,000. They found an incidence of 0.002% of 
new cancers in this group. 

These data indicate that estimates of the prevalence of cancer 
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in nodular goiter based on surgical experiences are too high, be 
Various authors have suggested that 10 to 50% of goiters re. la 
moved surgically contain cancer (Table 4). Clearly, the high T 
incidence quoted hy these authors reflects a high degree of selec. tl 
tion of the cases of goiter presented to them. The problem con- a 
fronting the clinician, therefore, is to decide which of the palpa- 
TABLE 4.—IncwENCE oF CANCER OF THYROID IN SuRGICAL SPECIMENS 
Nopu.es Nontoxic Toxic 
SINGLE MULTIPLE ADENOMA 
Studied | % | Studied | % | Studied | % | Wf 
Adults n 
Johns Hopkins Hosp. 330 1.2 Pp 
Chicago Hosp. 92 | 24 192 | 17 
Mass. Memorial Hosp. | 363 | 9 187 | 5 105 |19 | 
Lahey Clinic 5,052 440 |0.6 
2,426 |12%| 5,431 | 5%| 875 |1.0% | 
te 
Children under 15 Te 
Mayo Clinic 62 19 | , 
San Francisco 10 40 . 
San Antonio 31 26 
New Orleans 15 27 assy 
Univ. California 19° 53 p 
Washington, D.C. 8 50 
Univ. Pennsylvania 8 50 ; 
153 30% ( 
These data have been abstracted from a wide variety of sources, including Sokal (31), d 
Perlmutter and Slater (28) and others. r 
ble glands he discovers need to be referred to the surgeon for : 
excision. Certain criteria are helpful in separating the tumors 
from the benign goiters. ; 
AGE 
r 


The incidence of cancer in diffuse goiters of patients below the 
age of 20 years is practically zero. Single nodules, however, are 
likely to be cancerous in this group. In some series as many as 
50% of nodular goiters in young patients have proved to be 
malignant. The incidence of cancer rises in old patients, but 
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because this age group represents only a small part of the popu- 
lation, the actual number of cancers in the aged is small (27). 
The chances of carcinoma in an old person are therefore greater 
than in one of middle age. However, many of these carcinomas 
are slow-growing and are discovered incidentally at autopsy. 


SEx 


The incidence of carcinoma is much higher in women than in 
men—probably at least two to three times as many women as 
men develop the disease (27). Nontoxic goiter, however, is also 
more common in females. The incidence of cancer in goitrous 
patients is probably not different in the two sexes. 


NopuULARITY 


All nontoxic goiters become nodular if they persist for any ex- 
tended period, because hyperplasia and regression occur unevenly, 
leaving islands of hyperplasia scattered in the atrophic or fibrotic 
stroma. The presence of nodules, therefore, is not significant in 
itself. Single nodules are, however, of considerable importance in 
young patients, since isolated areas of thyroid enlargement are 
particularly likely to be neoplastic in this group. Single nodules 
are much less important in older patients, where they represent 
the first of many such nodules appearing as the goiter develops 
(28, 38). Occasionally, single nodules may occur which do not 
disappear on treatment with desiccated thyroid and which, on 
removal, are found to consist of a hyperplastic area without 
clearcut neoplastic change. Such autonomous nodules may in fact 
be early neoplasms. Rarely, such nodules may be hyperactive and 
produce clinical hyperthyroidism. The fact that a nodule has re- 
gressed after treatment with desiccated thyroid does not mean 
that it is benign. Carcinomas of the thyroid also may sometimes 
regress under these circumstances. 


METABOLIC ACTIVITY 


When suspicious areas of the gland are studied after the ad- 
ministration of radioactive iodine, two general patterns of activity 
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can be distinguished. If the nodule takes up at least as much 
iodine as the surrounding tissue, it is not likely to be malignant; 
however, if it is relatively inactive in fixing iodine, the chances 
of malignancy are greater (28). This test is not conclusive; cysts 
and benign adenomas may be relatively inactive and thus be 
confused with cancer. The test is useful, however, since it affords 
some reassurance when a good level of uptake is demonstrated. 


Loca. SIGNS 


Nontoxic goiters may grow to immense size without becoming 
malignant, and may therefore produce a variety of local pressure 
effects. It is unusual, however, for a goiter to interfere with la- 
ryngeal function unless it is malignant. Unfortunately, by the time 
involvement of the recurrent laryngeal nerve has occurred it is 
rather late to cure the carcinoma by extirpation. 


Lympu Nope SPREAD 


The demonstration of thyroid tissue in a satellite lymph node 
is clear evidence of carcinoma within the gland. In most slow- 
growing carcinomas this still provides enough time to cure the 
tumor by excision. It is doubtful whether lateral aberrant thyroid 
“rests” occur except as metastases of a thyroid tumor. Considering 
the embryology of the gland, it seems likely that such aberrant 
thyroids might occur; and the presence of midline aberrant thy- 
roids is clearly established. When the “aberrant” thyroid is in a 
lateral position, however, experience has proved that it almost 
certainly is a carcinoma. The differentiation between lateral 
aberrant thyroids (if such actually exist) and metastases can be 
made clearly if lymphoid tissue is found in the aberrant thyroid 
area, since this implies that the “aberrant” thyroid is a lymph 
node invaded by the tumor. In other cases the diagnosis is not 
so clear. In any case, however, the demonstration of thyroid tissue 
outside the main bulk of the gland in the lateral portions of the 
neck justifies surgical exploration even though the gland other- 
wise appears to be a perfectly benign nontoxic goiter. 

In many cases, the decision as to whether to explore a given 
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nontoxic goiter is difficult. Two facts about carcinoma of the 
thyroid afford some comfort: in young patients, although the 
likelihood of cancer is somewhat higher, the cancer is likely to 
be of the slow-growing papillary variety which has a good prog- 
nosis; whereas in the older group most clinically significant can- 
cers are clearly malignant—and often beyond help—before the 
problem is presented to the physician (23, 27). When he is in 
doubt in this group, therefore, the odds are in favor of a benign 
process. This point is well brought out by the fact that only one 
of the 140 goiters considered clinically benign at New Haven 
Hospital between 1921 and 1945 proved on prolonged follow-up 
to be malignant. In contrast, of the 156 selected for thyroid ex- 
ploration, 16% had cancer. 

The probability of finding carcinoma in a goiter is therefore 
highest in single nodules in young patients or in patients of ad- 
vanced years with physical findings suggestive of a rapidly chang- 
ing mass in the thyroid or lymph nodes. The probability of find- 
ing a carcinoma in a nontoxic goiter which has not been changing 
rapidly is small. No useful information can be gleaned from the 
nodularity of the goiter, since all goiters are more or less nodular, 
and many “normal” glands have nodules when examined at 
autopsy. Nontoxic goiters which are not changing rapidly in size 
or otherwise undergoing changes suggestive of cancer should not, 
therefore, be explored routinely. The mortality and morbidity of 
such preventive surgery would outweigh considerably the lives 
saved by the discovery of an occasional carcinoma. Moreover, 
since no particular portion of the thyroid is especially prone to 
the development of neoplasm, any exploration, to be useful pro- 
phylactically, would have to remove the entire nodular goiter, 
obviously an unreasonably radical maneuver. 

Prophylactic surgical exploration of all nontoxic goiters is un- 
justified, yet careful observation of patients with these goiters is 
important, because they are more prone, on the average, to de- 
velop cancer than are patients with normal thyroids. The reason 
for this tendency toward malignant degeneration can be ex- 
plained by the mechanism already described for the development 
of goiter. Cancer is more likely to occur in cells which have 
undergone prolonged stimulus to growth. Patients with nontoxic 
goiters suffer from a thyroid deficit which is made up only as a 
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result of constant stimulation of the thyroid by pituitary TSH. 
In experimental animals, thyroid tumors can be produced by 
maintaining this constant TSH stimulus either by blocking syn- 
thesis of the hormone with thiouracil or by partially destroying 
the gland with radioactive iodine (8). Carcinogenesis can be pre- 
vented if sufficient thyroxine is fed the animals, since this pre- 
vents the release of TSH and resultant stimulation of the thyroid 
cells. It seems likely that the sequence of events in humans with 
nontoxic goiter is similar to that of experimental animals. Cancer 
prevention in these patients, therefore, should be directed toward 
correcting the cause of the goiter instead of removing it. Indeed, 
partial removal of such a goiter would make matters worse, since 
removing part of the gland would increase the burden on the re- 
mainder, unless the cause of the hypertrophy were also corrected. 


DIAGNOSTIC PROCEDURES 


A careful history should be taken in order to determine whether 
the patient has at any time lived in a region known to have a 
high incidence of goiters. He should be questioned about the use 
of prophylactic iodine or iodized salt. The most common cause of 
endemic goiter is iodine deficiency, but widespread goiter can 
occur from dietary goitrogens. In this case, prophylactic iodine 
administration is usually ineffective (7), but elimination of the 
noxious agent from the diet may cause a remission. 

The patient should be questioned regarding the presence of 
goiter in other members of the family. In regions where goiters 
are common, familial incidence of the disease may simply reflect 
the widespread nature of the goiter-producing factor; however, 
in regions where goiter is unusual, the occurrence of several 
goiters in a single family suggests either that the entire family is 
subject to an influence not widely distributed in the community, 
or that there is a hereditary defect of thyroid metabolism. Among 
the exogenous influences which might produce familial goiter are 
dietary factors (such as that described above in milk) or medical 
prescriptions such as cobalt-containing hematinics, Undoubtedly 
other goitrogenic substances will be described if they are sought 
persistently. 

The nature of the goitrogenic defect in thyroid function should 
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be elucidated with radioactive iodine studies. A logical sequence 
of studies can be outlined: 


I. The goiter fails to trap I*#1 (Fig. 1, A). 
A. The trapping mechanism is congenitally defective. 
B. The trapping mechanism has been blocked (29). 
1. Foods (10, 14): Brassica family, including rutabaga, 


4. 


rape seed*, turnip, Brussels sprouts, cabbage, cauli- 
flower*. The active agent in rutabaga is vinyl-thio-oxa- 
zolidone. Organic thiocyanates and cyanides may be 
responsible in some of the others. 


. Milk (17): From cows fed chou-moellier, a forage of 


the Brassica family found in Tasmania and Australia. 


. Chemicals: Thiocyanate (3), perchlorate (34), chlo- 


rate*, hypochlorite, periodate*, biiodate*, nitrate, cya- 
nide (17). 

Medications: Thiocyanate, amphenone B, thiopental*, 
chloramphenicol*, chlortetracycline*. 


II. The goiter takes up I**? at a normal or accelerated rate. 

A. The iodine can be discharged within 6 hours by 100 mg. 
of potassium perchlorate or 2 Gm. of potassium thiocya- 
nate by mouth. This indicates failure to incorporate the 
trapped iodine into organic compounds (Fig. 1, B, C). 
1. Congenital abnormality of the synthetic mechanism 


(33). 


. Blockade of the synthetic mechanism (29). 


Thiourea and mercaptoimidazoles. 

Para-amino salicylic acid (9), para-amino benzoic 
acid*, sulfonamides. 

Phenylbutazone (25). 

Cobaltous ion (20). 

Vitamin A deficiency*. 


B. The iodine is not discharged by perchlorate or thiocyanate. 


1 


. The plasma protein-bound iodine is high or normal but 


the butanol-extractable iodine is low (Table 4). This 
indicates an abnormal organic iodine compound is 
being formed, probably as a result of a congenital ab- 
normality of thyroid metabolism (16, 19, 43) or exces- 
sive iodide or iodate intake (40). 


nic in experimental animals but no reports of goiter from these sources in 
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2. The plasma protein-bound and butanol-extractable an 


iodines are low. This indicates failure to release the des 
formed hormone, or else release of organic iodine in ‘ 
such a form that it is not protein-precipitable (and is ma 
not hormonally active) . the 
3. Protein-bound and butanol-extractable iodines are nor- siz 
mal. sit 
Iodine deficiency. In this group the radioactive io- an 
dine uptake is almost always high. sul 
Endemic iodine deficiency (35, 36). tor 
Due to dietary restriction (e.g., rice diet (2) ). op 
Block in synthesis which is fully compensated as a re- raj 
sult of thyroid hypertrophy. Under these circumstances dif 
the studies give no information as to the nature of the co! 
block. Similar findings might also occur in a patient | ou 
whose goiter represented hypertrophy in response to pre 
previous increased demand for secretion, with incom- | cai 


plete involution of the hypertrophied gland after the the 
need for increased secretion had been met. This is the | 


commonest finding in patients with nontoxic goiter. rs 
e 
ea 
TREATMENT on 

The first problem to be solved is whether the goiter should be 
removed surgically. In all cases of thyroid enlargement, roentgen a 
examination of the chest, preferably with a swallow of barium, is ae 
advisable. If there is any difficulty in phonation or breathing, pen 
laryngoscopy should be performed. Surgery is unquestionably on 
advisable when the goiter is of such size as to cause obstruction es 
to the airway or esophagus. It is unusual for benign goiter to ee 
cause paralysis of the vocal cords, and if this is observed surgery ae 
is also desirable. Since the act of swallowing raises the thyroid, TI 
dysphagia may occur even in the absence of mechanical obstruc- su, 
tion if the goiter is so heavy that moving it is difficult. me 
Surgery may also be indicated if a serious question of malig- | 
nancy is raised. The problem of differentiating cancer from be- | rex 
nign nontoxic goiter has already been discussed. In this regard | fre 
I must emphasize my belief that “prophylactic” surgery is useless pa 
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and likely to produce more disability than the carcinoma it is 
designed to prevent. 

Operative removal of part of a nontoxic goiter may actually 
make the problem worse. Since the goiter usually occurs because 
the gland cannot meet the body’s needs without increasing in 
size, reduction of the functioning bulk of the gland aggravates the 
situation. Surgery for goiter should therefore never be considered 
an adequate form of treatment in itself. The long-term results of 
subtotal thyroidectomy for nontoxic goiter are often unsatisfac- 
tory because the thyroid remnant hypertrophies again. This post- 
operative hypertrophy is usually asymmetrical and may be quite 
rapid; the resultant growing mass of thyroid tissue may be so 
difficult to distinguish from cancer that a second operation be- 
comes necessary to set the surgeon’s mind at ease. As has previ- 
ously been explained, partial removal of a hypertrophic gland 
probably increases the chances of subsequent development of 
carcinoma in the remnant, unless measures are taken to reduce 
the stimulus to continued growth. 

It is therefore clear that, whether surgical treatment is needed 
or not, medical treatment of the goiter is necessary. The exact 
design of therapy depends on the nature of the defect which has 
caused the goiter. The therapeutic rationale can be considered 
on four levels. 

1. Supply of essential hormonal precursors——The only pre- 
cursor likely to be missing is iodine. This can be administered in 
many ways. For goiter prevention, the incorporation of iodine, as 
iodide or iodate, in table salt or bread has proved quite satisfac- 
tory. In most goitrous regions today, iodination of some staple 
article of diet is required by law. As a result, endemic iodine defi- 
ciency goiter is becoming increasingly rare (6, 18, 32). Sporadic 
iodine-deficiency goiter is unlikely to occur in persons eating a 
normal diet, although it may occur in patients on the “rice” diet. 
The administration of iodine simply to supplement inadequate 
supplies of this element is therefore almost never a satisfactory 
method of treatment in cases of sporadic goiter. 

2. Removal of thyroid blocking agents——When these can be 
recognized, the obvious therapeutic maneuver is to remove them 
from the patient’s environment. This may involve altering the 
patient’s diet so as to reduce the intake of contaminated milk or 
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of excessive quantities of cabbage, rutabaga or other goitrogenic 7 
foods; or it may mean stopping a goitrogenic medication such as mu 
cobalt, para-amino salicylic acid, thiocyanate or overdosage with syn 
iodide; or it may mean protecting the patient against industrial int 
exposure to cyanide, thiocyanates, perchlorates, and so forth. pol 
Since many goitrogenic substances not yet recognized will prob- sho 
ably become known in the future, this line of treatment should 
prove increasingly useful as our knowledge of thyroid pharma- 
cology increases. 


3. Neutralization of thyroid blocking agents.—The goitrogenic ] 
action of certain known antithyroid agents such as the thioureas enl 
and thiocyanates can be overcome by the administration of large thy 
amounts of iodine. Presumably the effect of therapeutic levels of Of 
iodine results from’ the production of so high a plasma iodide thy 
concentration that the blockade is overcome by mass action. Since hy, 
the defect responsible for many sporadic goiters cannot yet be de- sca 
fined, the use of large amounts of iodine is justifiable as a thera- not 


peutic trial. Iodine may be given as Lugol’s solution or saturated [| 
solution of potassium iodide, 10 to 20 drops a day. It should be plie 


noted that in this situation the iodide is*given not to supply a the 
missing dietary ingredient, but to overcome a supposed goitro- adi 
genic block of thyroid hormone synthesis. or 

4, Exogenous supply of thyroid hormone.—The administration of 
of iodine is not capable of reversing the goitrogenic action of all me 
antithyroid substances. Moreover, the administration of iodine life 
would not be expected to improve thyroid function in those cases wit 
where goiters reflect congenital defects of the mechanism of hor- the 
mone synthesis. In these patients, it is logical to treat the goiter inc 
by supplying thyroid hormone to satisfy the demands of the or- cre 


ganism, thus blocking the secretion of TSH. For this purpose, dis 
desiccated thyroid is the cheapest and most easily available sub- 
stance (15). A dose of 120 to 180 mg. daily orally is usually 
sufficient to suppress iodide uptake in normal thyroids and is, 
therefore, probably enough to prevent TSH secretion. In occa- I 
sional instances doses as large as 300 mg. may be used. Thyroxine the 
or tri-iodothyronine can be substituted for desiccated thyroid in hy] 
doses of 0.15 and 0.2 mg. of L-thyroxine (or double this dose of of 
the racemic form), or 0.075 to 0.1 mg. of L-tri-iodothyronine. ade 
There is no particular advantage in using the purified hormones. 
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The dose of thyroid hormone should be increased to the maxi- 
mum which the patient can tolerate without developing toxic 
symptoms, such as tachycardia, weakness, increased appetite, heat 
intolerance, and so forth. In some patients, there may be no clear 
point at which such symptoms develop, and in these the dose 
should not be pushed above 300 mg. daily of desiccated thyroid. 


PROGNOSIS 


If the cause of the goiter can be found and removed, thyroid 
enlargement usually disappears promptly. Iodine or desiccated 
thyroid usually produces somewhat slower involution (15, 18). 
Often several months are required for reduction of the size of the 
thyroid. If the goiter has been present for a long time, repeated 
hyperplasia and involution may have resulted in the formation of 
scar tissue, cystic areas and calcified old hemorrhages which can- 
not be expected to respond to therapy (38). Success in treatment 
of goiter, therefore, depends on adequate rational therapy, ap- 
plied before irreversible changes have occurred. If involution of 
the goiter has been produced by iodine or desiccated thyroid, the 
administration of these substances should continue indefinitely 
or until a goitrogen can be recognized and removed. In the case 
of patients with congenitally defective thyroid function, treat- 
ment with desiccated thyroid should also be maintained for the 
life of the patient. The chronic suppression of thyroid hyperplasia 
with exogenous thyroid hormone not only prevents recurrence of 
the goiter but represents the only rational hope of reducing the 
incidence of thyroid cancer in this group of patients whose in- 
creased tendency to develop thyroid neoplasia has already been 
discussed. 


SUMMARY 


Nontoxic goiters occur when the thyroid is unable to satisfy 
the need of the patient for thyroid hormone without undergoing 
hypertrophy. This failure may be the result of inherited defects 
of function or the defects may have developed as a result of in- 
adequate supplies of iodine or exposure to toxic substances. 
Therapy depends on recognition of the cause of the failure and 
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removal of the cause. If this is impossible, blockade of the goitro- 
genic influence may be successful if iodine or thyroid hormone is 
given. In those patients whose goiters are so large that they pre- 
sent a mechanical problem, or when the possibility of carcinoma 
is likely, surgery may be advisable. 
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